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(57) A m'crovalve is equipped with an elastic dia- 
phragm that moves vertically by change in pressure, a 
support substrate that supports said elastic diaphragm, 
a holding substrate that holds said support substrate, 
and a valve protrusion provided on said elastic dia- 
phragm or holding substrate, is equipped with a valve 
seal part that performs control of fluid, being equipped 
with, whan in a stationary state, a structure thai is pro- 
vided with a gap between said valve seal part and elas- 



tic diaphragm, or, a structure in which the width of the 
contact part between said valve seal part, and the hold- 
ing substrate or the elastic diaphragm, is equal to or 
less than 50 urn, and the mfcrovalve fabrication method, 
and a micropump that uses the rrticrovalve and its fabri- 
cation method, and a device that uses the rracropump, 
are presented. 
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Description 

Technical Fifld 

The present invention applies to minute processing s 
and joining (bonding) such as microm&chming, and 
relates to a micrcvalve that controls the rata of flow of a 
fluid, and Ma fabrication method. Further, it relates to a 
micropump that incorporates this rrtiorovalve, and te 
fabrication method. Furthermore, it relates to a device 10 
that uses this micro pump. 

Background Technolog y 

As conventional microvaTves and micropumps, 75 
such as in J P-A-3- 199682. input valves and output 
valves are formed from a silicon thin film plate. A drive 
diaphragm is formed between these two valves, and this 
drive diaphragm is configured such that it is anodally 
joined to a glass substrata Further, by taking out one 20 
valve part from this micropump, it may also be used as 
a microvalve. 

Further, Figs. 1 6(a)-(c) show a conventional micro- 
pump incorporating a microvalve; Fig, 16(a) is the bot- 
tom plane view. Fig. 16(b) is a cross-sectional view ss 
along D-D in Fig. 1 6(a), in a stationary condition, and (c) 
is a cross-sectional view along D-D in Fig. 16(a), In a 
suction state- 

The micropump shown in Figs, 16 (a) and (b) is 
equipped with a structure in which an output elastic dia- so 
phragm 61 1 is provided on a silicon substrate 61- The 
output valve is has an output valve projection 81 5 that is 
moved with the vertical motion of the drive elastic dia- 
phragm 810, and an output seal part 812 thai 
opens/doses the valve. The dive elastic diaphragm ss 
810 is designed such that it bends vertically, by applying 
an electrical field to the piezoelectric element 85, that is 
adhered via an electrode on its upper surface. The input 
valve is configured from an input diaphragm 87, an input 
valve protrusion 815, an input valve seal 88, and a hole *o 
89. Fluid entering from the entry port 86 escapes to hole 
89. and is discharged from the exit port 813, passing 
through the input valve seal 88, the chamber 814, and 
the output seal part 812. To the silicon substrate 81 , the 
glass substrates 82, 83, and 84 are joined. 45 

A voltage applied to the piezoelectric element 85 in 
the micropump shown in Fig, 16(c) forces the drive elas- 
tic diaphragm 810 in an upward direction. Accordingly, 
negative pressure (suction) results within the chamber 
814. and a force occurs that forces the input elastic dia- so 
phragm 87 upward. Simultaneously with this, the Input 
valve seal part 88 is raised, and fluid from the entry port 
86 is sucked in. 

One example of a mask pattern used for forming 
the valve seal part in this kind of micropump can be 55 
found in JP-B-45-1798& At a desired position of this 
mask pattern, a correction pattern is formed. As a result 
of this, highly accurate patterning can be perform ed- 
Figs. 1 7(a)-(c) are views of the mask pattern (shown as 



a dotted line) referred to in this publication, and, in 
accordance with this, of the patterned vatve seal part 
(shown as a soSd fine). Moreover, the vajve seal shown 
in Figs. i7(aMc) & formed by etching of the silicon sub- 
strate; however, as for the etching, generally, anisotropic 
etching is performed, taking into consideration the pla- 
nar smoothness of the etching plane. In this, as repre- 
sentative etchants, for example, a KDH solution and a 
TMAH solution are known. Moreover, vaJve seal parts 
93, 910 and 911 have the same shape. 

Using the correction pattern part, denoted by sym- 
bol 91 of the mask pattern shown in Fig. 1 7(a), as a 
mask, the etched part retreats at a 45° angle by side 
etching; after etching, a shape results that is denoted by 
reference numeral 94. Further, using the correction pat- 
tern part, denoted by reference numeral 95 of the mask 
pattern, as a mask, the etched part by a Gqukt etching 
composition, retreats at an angle of about 27 degrees 
by side etching; after etching, a shape results that is 
denoted by reference numeral 92. Moreover, reference 
numeral 93 denotes the valve seal part. 

In the same way in Fig. 17(b) as well, the valve seal 
part 910 is formed by a mask pattern farmed by correc- 
tion pattern parts 96 and 97. Further, in the same way in 
Fig, 17(c) as well, the valve seat part 91 1 is formed by a 
mask pattern formed by correction pattern parts 98 and 
9a 

However, in the side etching performed when form- 
ing these valve seal parts, because the side etching 
angles of the silicon substrate are different according to 
part position, a part having a wide width and a part hav- 
ing a narrow width are formed in Vie valve seal part. 
Accordingly, a valve seal part equipped with a uniform 
width (throughout) the entire body cannot be formed, 
which is a problem. In particular, when the etching 
depth is deep, in conjunction with this, the side etching 
is also large; because of this, a part occurs in which the 
width of the valve seal part is narrow to the extent that It 
interferes with its function, which is a problem. As a 
result this is currently dealt with by creating a part at the 
valve seal pari in which the width is sufficiently wide. 
Moreover, in the present invention, "trm wktth of the 
valve seal part", means the width of the contact part 
between the valve seal part and tie holding substrate or 
elastic diaphragm. 

In the microvalve, when there is a part having a 
thick width in the valve seal part, the flow path (channel) 
resistance becomes great so that a great loss of pres- 
sure results, and defects occur such as that the fluid 
velocity becomes slow. Further, when the valve is 
(switched) opened and closed by an abrupt change in 
pressure, because of the abrupt change in pressure 
between the valve seal part and the holding substrate, 
air bubbles occur, which Is also a problem (cavitation 
develops). Specifically, such as in the case of a microv- 
alve shown in Figs. 16(aMc). at the instant that the Input 
elastic diaphragm is forced upward, the input valve seal 
part 88 abruptly becomes exposed to negative pres- 
sure. Because of this, in the case of a valve having a 
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width that is equal to or greater than a certain constant 
width (such as in a case exceeding a width of 60um), air 
bubbles occur in the input valve seal part 88 at normal 
temperatures, In particular, this kind of cavitation devel- 
opment frequently tends to occur at high temperatures. 

Further, in a case in which the valve is formed by 
anisotropic etching, It is easily possible by side etching 
to have a part in which the valve width is narrow and a 
part in which the valve width is wide. The shape of the 
valve seal part Is determined by the valve depth (etching 
depth), and the wicfih of the valve seal part cannot be 
formed equal to or below a certain constant value, 
which is a problem. Specifically, for example, when the 
valve depth is defined as 40 urn. and when anisotropic 
etching is performed wim a common KOH solution or 
the like, a valve cannot be formed having a maximum 
width that is roughly equal to or less than 40 yim. in a 
micropump, when the flow path resistance is great, fluid 
velocity during priming is low, so that it is difficult for air 
bubbles to escape. Further, because air bubbles occur 
due to decreased pressure when driving the piezoelec- 
tric element, air bubbles accumulate within the cham- 
ber, the rate of discharge flow decreases, and, finally, 
discharge becomes impossible, which is a problem. 

Summary of the Invention 

The present invention, in order to solve these types 
of conventional problems, provides a microvalve and a 
method to manufacture the microvalve In which it Is pos- 
sible, under a normal environment, and also when driv- 
ing under a hi^i temperature environment, to have no 
occurrence of cavitation development and in which a 
stabilized rate of flow can be obtained. 

Further, the invention provides a rntcropump using 
the microvalve and its fabrication method. 

Furthermore, die invention provides a medical 
device and analyzing instrument that use the microp- 
ump. 

The present invention provides a microvalve 
equipped with an elastic diaphragm that moves verti- 
cally by change in pressure, a Support Substrate that 
supports the elastic diaphragm, a holding substrate that 
holds the support substrate, and a valve protrusion pro- 
vided on the elastic diaphragm or holding substrate, and 
equipped with a valve seal part that performs fluid con- 
trol, the microvalve being provided with a preserved 
gap between said elastic diaphragm or said holding 
substrate and said valve seal part when in a stationary 
state. The microvalve, due to the existence of the gap, 
causes the fluid resistance to be small, in conjunction 
with there being no occurrence of air bubbles, so that 
the fluid velocity can be made rapid. 

It is preferable if the gap is equal to or greater than 
0.2 pm, and equal to or less than 10 um. and further 
preferable if it is 1 pm - 5 urn. By doing this, it is possible 
to provide a microvalve in which there is no Interference 
with the function of the microvalve, the fluid resistance is 
all the more made to be small, and it is Difficult to cause 
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0ie occurrence of a> bubbles. 

Further, a rrdgrovaJve according to the present 
invention is provided which it is equipped with an elastic 
diaphragm thai moves vertically by change in pressure, 

s a support substrate that supports said elastic da- 
phragm, a holding substrate that holds said support 
substrate, and a valve protrusion provided on said elas- 
tic diaphragm or holcfing substrate, and is equpped with 
a valve seal part that performs fluid control wherein in 

to the microvalve the width of me contact part between 
said valve seal part and said holding substrate or elastic 
diaphragm is equal to or less than 50 um. Asa result, 
the fluid resistance of the microvalve is made to be 
small, so that it is possible to make the fluid velocity 

is rapid, in conjunction with being able to suppress the 
occurrence of air bubbles even when negative pressure 
is received abruptly during pressure. 

3 is further preferable if the width of the contact part 
is defined as 0-2 um - 20 urn. 

2° When the width of the contact part exceeds 50 um, 
although mere is no interference in its function as a 
micrcvalve. the fluid resistance cannot be made small to 
a target value, and when negative pressure Is received 
abruptly during operation of the microvalve, it is difficult 

2s to suppress the occurrence of air bubbles, Further, it is 
also difficult to make the fluid velocity rapid. 

Furthermore, by the valve protrusion being 
equipped with the valve seal part at its distal end (tip), 
and a step being formed between said distal end and 

30 the base end, because it is possible to configure the 
valve protrusion smaller, a microvalve is obtained hav- 
ing a valve protrusion of high strength. This step can be 
defined as equal to or less than 1 0 um, and it is further 
preferable if it is defined as 1 um - 5 um. This allows a 

3s microvalve to be obtained having a small fluid resist- 
ance, while reliably hokfing a valve protrusion of high 
strength. 

Further, it is possible to have a microvalve accord- 
ing to the present invention hi which the support sub- 

40 strata, elastic diaphragm, valve protrusion and valve 
seal part are formed from an integral siicon substrate, 
and the holding substrate is formed from a glass sub- 
strate. Or, it is possible to have a microvalve in which the 
support substrate and elastic diaphragm are formed 

& from an integral silicon substrate, and tfiB holding sub- 
strate, valve protrusion and vatve seal part are formed 
from an integral glass substrate. As a result, the 
processing is further simplified, and a microvalve is 
obtained having a higher accuracy 

so Furthermore, the present invention provides a 
microvalve fabrication method inducing forming a first 
protective film, except in a region of a central part of 
said elastic diaphragm, on the surface of one side of the 
processed substrate, and, using the first protective film 

55 as a mask, performing a first etching on the surface of 
one side of said processed substrate, forming a second 
protective tlm on the surface of the other side of said 
processed substrate, removing a part of said first pro- 
tective fflm formed outside of said support substrate and 
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valve seal part region, performing a second etching on 
said first protective film on which removal has been per- 
formed, and. using said second protective fSm as a 
mask, on said processed substrate, removing a first 
protective 1lm formed on said valve seal part region, 
after said second etching has been performed, perform- 
ing a third etching on the surface of one side of ©aid 
processed substrate, using the first protective film that is 
remaining as a mask, and forming said elastic dia- 
phragm and valve protrusion, removing said first protec- 
tive film and second protective film after said third 
etching has been performed, and forming a non-conju- 
gativefam on the valve seal part or with sari valve seal 
part of the protective substrate, conductively joining the 
surface of tfie processed substrate to the protective 
substrate after said second protective film has been 
completely removed from the surface of the other side 
of said processed substrate, and conductively Joining a 
protective substrate in which an entry port has been 
formed to the surface of one side of said processed sub- 
strate, after said non-conjugatrve film has been formed. 

In this fabrication method, the third etching can be 
performed on the valve seat part surface of said proc- 
essed substrate, against the support substrate, within a 
range that is equal to or greater than 0.2 urn and equal 
to or less than 1 0 urn, up until the etchback point is 
reached. 

Further, the present invention provides a miorov- 
arve fabrication method that includes forming a first pro- 
tective film on the region of the surface of one side of the 
processed substrate in which the central part of said 
elastic diaphragm is removed and, using said first pro- 
tective film as a mask, performing a first etching on the 
surface of one side of said processed substrate, farming 
a second protective film on said support substrate part, 
on the surface of the other side of said processed sub- 
strate, removing the part of said first protective film that 
is formed outside of a region corrtposed of said support 
substrata and a valve seal part having a width equal to 
or toss than SO iim, performing a second etching on the 
first protective film, on which said removal has been per- 
formed, and. using the second protective flm as a 
mask, on said protective substrate, and forming said 
elastic diaphragm and valve protrusion, removing afl of 
the first protective film and the second protective film 
after said second etching has been performed, and 
forming a non-conjugative film on the part capable of 
joining said valve seal part or the valve seal part of the 
protective substrate, conductively joining said protective 
substrate to the surface of the other side of said proc- 
essed substrate, after all of said first protective film and 
second protective film have been removed, and conduo- 
ttvely joining a protective substrate in which an entry 
port has been penetration formed, to the surface of one 
side of said processed substrate, after said noncorquga- 
thre film has been formed. 

This fabrication method can further Include remov- 
ing a portion of the first protective film outside of a 
region formed on the valve seal part, leaving a width of 
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the first protective film of less than 50 um formed on 
said valve seal part, after sajd second etching has been 
performed, and then, using ft e remaining first protective 
film as a mask, performing etching. 
e ft is possible to use a monocrystalfine silicon sub- 
strate as the processed substrate. 

Furthermore, the present invention is provided with 
a microvaJve fabrication method including forrninfl a first 
protective film on said support substrate region, on the 
10 surface of one side of the first processed substrate, and. 
using me first protective f flm as a mask, performing a 
first etching on the surface of one side of said first proc- 
essed substrate, forming a second protective film on the 
region in which the central part of said elastic die- 
ts phragm has been removed, of the surface of the other 
side of said first processed substrate, performing a sec- 
ond etching, using said first protective fQm and second 
protective tarn as masks, on said first processed sub- 
strate, up untfl the point that the central part of said elas- 
zo tic diaphragm has opened, forming a third protective 
film, on a region composed of a valve protrusion and the 
protective substrate of the surface of one side of the 
second processed substrate, performing a third etching 
on the second processed substrate, using the third pro- 
as tedive flm as a mask, forming said valve protrusion, 
forming a nonconjugative film on said valve seal part or 
a part of said first processed substrate capable of join- 
ing the valve seal part penetration forming an entry port 
at said second processed substrate, conductlvety join- 
so ing the surface of said one side of the second proc- 
essed substrate, on which said third etching has been 
performed, and in which said entry port has been 
formed, to the surface of said other side of the first proc- 
essed substrate, on which said second etching has 
35 been performed, and conductively Joining a protective 
substrate to the surface of one side of said first proc- 
essed substrate. 

In this fabrication method, it is possbie to form a 
nonconjugative film between the surface of the other 
<Q side of said first processed substrate, and said Second 
protective flm, and, by selectively etching this noncon- 
jugative film, leaving the nonccrijugativefam on the part 
of said first processed substrate capable of joining the 
valve seal part. Further, a monocrystainne silicon eub- 
4S strate can be used for the first processed substrate, and 
the second processed substrate can be composed from 
glass substrate. 

Furthermore, the present invention provides a 
micropump equipped with an input part equipped with 
so an input valve, a drive part equipped with a drive dia- 
phragm, and an output part equipped with an output 
valve, in which the input varve is composed of any one 
of the rncrovaives referred to above. 

There is no occurrence of air bubbles in this micro- 
ns pump, and H is possible to siJck-inTdlccharge a constant 
amount and a minute amount of fluid with a high degree 
of accuracy. 

Further, the input valve may be configured with the 
drive diaphragm and the output valve being integrally 
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formed of monoorystalline silicon substrate. 

Furthermore, the present Invention provides a 
micropump fabrication method in which an input part 
equipped with an Input valve, the drive part equipped 
with a drive diaphragm, and an output part equipped 
with an output valve, the mkxopurnp fabrication method 
being provided that constructs the input valve by any of 
the fabrication methods of tiie nticrovaJves referred to 
above. 

Furthermore, the present Invention provides a 
device equipped with a tank that aocornmcKtetesfluid. a 
micropump according to the present invention con- 
nected to the tank and suctfnpHrvolscharging said fluid, 
drive means that drive said rrdcropump, and control 
means that control said drive means. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Hg. 1(a) 

is a view of the bottom of the diaphragm part of the 
microvalve according to preferred embodiment 1 of the 
present invention. 



Fig. 1(b) 

is a cross-sectional view showing a stationary state of ss 
the microvaJve according to a preferred embodiment of 
the present invention. 

Fig. 1{c) 

is a cross-sectional view showing a state in which negr so 
afrve pressure has occurred at the exit side of the micro- 
valve shown in Fig. 1(b). 

Fig, 2 

shows the results of investigation of the relation as 
between the length ftim) of the gap 17 in the case that 
the micropump includes a microvalve according to pre- 
ferred embodiment 1, and the flow amount reduction 
rate (%) of the fluid. 



Rg. 3(a) through Fig. 3(d) 

are cross-sectional views showing the process of fabri- 
cating the microvalve shown in Fig. 1. 

Rg.4(a) 

is a view of the base of the diaphragm of the rrticrcvaJve 
according to preferred ernbodimerrt 2 of the present 

invention. 

Rg.4(b) 

is a cross-sectional view of a microvaJve showing a sta- 
tionary state (a state in which pressure has not been 
applied). 

Fig. 5 

shows the relation between the valve seal width (urn) of 
the microvalve and the air bubble occurrence tempera- 
ture (*C) in cavitation development according to pre- 
ferred embodiment 2. 



Fig. 6(a) 

is a view of the base of the diaphragm part of the micro- 
valve according to the preferred embodiment 3 of the 
present invention. 

Fig. 60a) 

Is a cross-sectional view of a microvalve showing a sta- 
tionary state (a state in which pressure has not been 
applied). 

Rg. 7(a) through Rg. 7(f) 

are cross-sectional views showing the process of fabri- 
cating the microvalve shown in Figs. 6(a)-(b). 

Rg. 8(a) 

is a view of the base of the diaphragm part of the micro- 
valve according to preferred errtbodment 4 of the 
present invention. 

Fig. 8(b) 

rs a view of the cross-section B-B in Fig. 8(a). 
Fig. 9{a) through Rg. 9(d) 

are cross-sectional views shewing the process of fabri- 
cating the microvalve shown in Fig. B. 

Rg. 10(a) through Fig. 10(c) 

are views o! the base of the diaphragm part of the 

microvaJve according to another preferred embodiment 

Rg. 11 

is a view of a micropump according to preferred embod- 
iment 5 of the present invention. 

Ftg. 12(a) 

is a view of the base of the micropump shown in Fig. 1 n . 
Rg. 12(b) 

is a view of the cross section C-C of Rg. 11(a). in the 
stationary state. 

Rg. 12(c) 

is a view of the cross-section C-C of Fig. 11(a) in the 
fluid intake state. 

Fig- 13 

is a specific btock diagram of a micropump unit accord- 
ing to the preferred entrapment 5. 



so Fig. 14(a) 

shows the pulse of the drive signal output from the con- 
trol IC of the micropump unft according to the preferred 
embodiments. 

» Rg. 14(b) 

shows the pulse of another drive signal output from the 
control IC of the micropump unit according to the pre- 
ferred embodiment 5. 
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Rg.15 

is a view of the rricropump unit according to another 
preferred embodiment of the present invention. 

Rg. 16(a) 

is a view of the base of the diaphragm part of a conven- 
tional rricravatve. 

Fig. 16(b) 

is a view of the crocs section D-D of Fig. 16(a) in the sta- 
tionary state. 

Fig. 16(c) 

is a view of the cross section D-D of Fig. 16(a) in the 
intake state. 

Fig. 17 

is a view of a conventional mask pattern (shown as a 
dotted One) and a valve seal part (shown as a solid fine) 
patterned by the mask pattern. 

pFT/ULEP DESCRIPTION PF PHEFEqqEO EMBOD- 
IMENTS 

The invention is explained below in detail with refer- 
ence to tie attached drawings. 

(Preferred embodiment 1) 

Fig. 1(a) is a view of the base of the diaphragm part 
of the microvalve according to the preferred embodi- 
ment 1 of the present Invention. Fig. 1 (b) is a cross-sec- 
tional view of the microvalve. showing the stationary 
state, that is. the state in which pressure is not applied. 
Rg. 1(c) is a cross-sBct'tonal view showing the state in 
which negative pressure has occurred at the exit side of 
the microvalve shown in Fig. 1 (b). Moreover, the term 
microvalve as used in the present specification refers to 
a valve size of about 5mm or less in terms of its diame- 
ter. 

The microvalve shown In Rg. 1(a) to Fig. 1(c) com- 
prises a glass substrate 111, which is the holding sub- 
strate, a support substrate 11 held on the glass 
substrate ill. an elastic diaphragm 13 supported by 
the support substrate 11, a valve protrusion 112 pro- 
vided on the elastic diaphragm 13, a glass substrate 12 
provided at a position opposing the gf sss substrate ill. 
and joined to the support substrate 11, an entry side 
valve chamber 1 10 formed between the glass substrate 
1 1 1 and the etastio diaphragm 1 3, and an exit side valve 
chamber 1 9 formed between the glass substrate 1 2 and 
the elastic diaphragm 13. 

An entry 16. through which fluid enters the mierov. 
atve, is formed as penetrating the glass substrate 111. 
The support Substrate 11 is formed from a silicon sub- 
strate, and ts anodatry joined to the glass substrates \ 1 1 
and 12. 

The elastic diaphragm 13 has roughly a cfisk-shape, 
and is integrafly formed with the support substrate 1 1 . 
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This elastic diaphragm 13 is designed so that it moves 
vertically corresponding to the difference in pressure 
between the output side valve chamber 19 and the entry 
side valve chamber 110. Further, at the center of the 

5 elastic diaphragm 13, a fluid path is formed extending 
through the hole 15. On the side of the elastic dia- 
phragm 13 facing the glass substrate 111 (hereafter, in 
the preferred embodiments, this side is referred to as 
the lower side), on the outer peripheral part of the hole 

to 15, a tapered valve protrusion 1 12 is formed gradually 
narrowing toward the distal end side. The distal end sur- 
face of this valve protrusion 112 defines a valve seal 
part 14. On foe surface of the valve seal part 14 a pro- 
tective film such as an oxide film or an etched film is 

75 formed such that during anodic joining it is not joined to 
the glass substrate ill. Moreover, in this preferred 
embodiment 1 , the width of the valve seal part 1 4 is set 
at about 100 urn. As shown in Fig. 1 (c) a prescribed gap 
17 is formed between this valve seal part 14 and the 

20 glass substrate 11 1 . in particular, when the microvalve 
is in a stationary state. Further, in the case that the exit 
side is under negative pressure, as shown in Fig. 1(c), 
the elastic diaphragm 1 3 is moved so that it is deformed 
toward the upper side, and the gap 18 formed between 

25 the glass substrate 11 land the valve seal parti 4 in this 
state is wider than the gap 17. 

With a thus constructed microvalve. when the pres- 
sure of the exit side valve chamber 19 is smaller than 

the pressure of the entry side vafve chamber 110, a cer- \ 

w tain fixed quantity of fluid flows while the state shown in 
Rg. 1(b) changes to the state shown in Fig. 1(c). During 
tiis movement period, negative pressure occurs at the 
gap 1 7. When the pressure of the exit side valve cham- 
ber 19 is higher than the pressure of the entry side valve 

35 chamber 110. the elastic diaphragm 13 is forced down- 
ward toward the glass substrate 111. and the valve seal 
part 14 abuts on the glass substrata 111, the gap 17 
disappears, and the fluid stops flowing from the exit 
side. That is, a one-way (unidirectional) valve is farmed. 

40 In the mterovatve. in order that the fluid does not 
flow backward, it is desirable that this gap 17 be narrow. 
In the stationary state, when the relationship is investi- 
gated between the width of the gap 17 (the distance 
from the surface of the glass substrate ill to the valve 

45 seal part 1 4). and reverse flow development of the liq- 
uid, when the gap 1 7 exceeds lO^m, reverse flow devel- 
opment is seen. Further, when the gap 17 is less than 
0.2um, in a high temperature equal to or above about 
60°C, cavitation development Is seen. 

so Further, for a rnicropump using this mterovaJve the 
relationship has been investigated between the tengtn 
of the gap 1 7 (^m) and the ftaw amount reduction rate ct 
the fluid (%). The results are shown in Fig. 2. 

From these results, it is desirable that In the eta- 

s$ tionary state, the gap 17 is no lass than 0.2 »m and no 
mora than 10 urn. 

In this kind of microvalve structure, cavitation devel- 
opment docs not occur even when the width of the vatve 
seal part 14 exceeds 50 um. 
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Further, this kind of mfcrovarve structure has an 
advantage in that the vaivB protrusion 112 has the 
above-described taper shape, eo that it has a high 
degree of hardness and is difficult to bend. 

Furthermore, the flow resistance in this rrfcrovahre 
is small, so that the pressure loss is small and the flow 
rate of this pump is high. Furthermore, during an abrupt 
reduction in pressure* the reduction of pressure in the 
valve seal part is small so that the occurrence of air bub- 
bles can be prevented Further, due to the existence of 
the gap. dust and the like is not trapped in the valve seal 
part so that the problem does not occur that the valve 
will not dose. 

Next the fabrication method far the microvaive 
shown in Rg 1(a) to Rg, 1(c) will be explained along 
with me process shown In Fig. 3(a) through Fig. 3(d). 
Moreover, in the present preferred embodiment the 
case is explained in which anisotropic etching is per- 
formed using a KDH solution, on a surface (100) of a 
monocrystalline silicon substrata 

In the process shown in Fig. 3(a), on the surface 
plane of the silicon substrate 41 , a thermal oxide film is 
formed. Next, by photofithography, on the bottom side, 
which is the surface side, afterward, a patterning is per- 
formed removing the thermal oxide film at the position 
corresponding to the center part of the elastic dia- 
phragm 13. Moreover, a width of 40 wm of the thermal 
oxide film is removed. By doing this, etching of the pro- 
tective film 410 is performed on the upper side surface 
of the silicon substrate 41 , and etching of the protective 
film 41 1 is performed on the bottom side surface. Then, 
using the protective f ilms 41 0 and 41 1 as masks, aniso- 
tropic etching is performed on the silicon substrate 41 , 
and a note 42 formed. This hole 42 is etched at a con- 
stant angle relative to the depth direction so that a V- 
shaped (square cone) structure is formed and etching 
stops at a depth equal to or above a certain depth. In 
this preferred embodiment, the width of the part of the 
protective film 41 1 that is removed is 40 urn. so that 
etching is stopped at a depth of 29 j*ra 

Next in the process shown in Fig. 3(b), a pre- 
scribed patterning is performed on the protective films 
410 and 411 formed in Fig. 3(a); afterward, the protec- 
tive films 410 and 411. as formed otter than in the 
regions corresponding to the parts of the support sub- 
strate part 1 1 and me valve seal part 14, are removed. 
Next, etching is performed, using the remaining protec- 
tive tlms 410 and 41 1 as masks, and a top etching part 
43, and bottom etching parts 44 and 412 are formed. At 
this time, by etching the bottom etching part 412. etch- 
ing progresses also wfthfn the hole 42. 

Then, in the process shown in Fig. 3(c). protective 
fUm 41 1 , fanned on the region corresponding to the part 
that is the valve seal part 14, is further removed. Next 
using the remaining protective films 410 and 41 1 as 
masks, etching is performed, forming a gap 17. At this 
time, mere is a result that etching Is further advanced as 
well by the etching of the part etched in the process 
shown in Rg. 3(b). and hole 15 is formed to penetrate 
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the sllioon substrate 41. By doing this, the support sub- 
strate 11 shown in Fig. 1(a) and Fig. 1(b), the elastic 
diaphragm 13, the valve protrusion 112. and the valve 
seal part 14 are formed integrally from me same silicon 

5 substrata After that an oxide fQm is formed on the sur- 
face of the valve seal part 1 4* This oxide turn, at me time 
of anodic joining, serves its purpose of being a noncon- 
jugafive ♦ such that the glass substrate 111 and the 
valve seal part 14 are not connected. 

10 Next, in me process shown in Rg. 3(d), the glass 
substrate 111, in which the entry 1 6 is formed, is anod- 
alty joined to the lower side and the glass substrate 12 
to the upper side of the silicon substrate 41 obtained by 
me process shown in Fig. 3(c). This anodic pining with 

15 me silicon substrate 41 as the cathode, and the glass 
substrates 111 and 12 as me anodes, is performed 
whfle heating to from SOO-C to 400*0 and applying a 
high voltage of a 500 V level- 
In this way, a microvaive according to this preferred 

so embodiment can be formed by a process identical to 
etching, so mat me fabrication process is simple. Fur- 
ther, as a special surface process Is not necessary, 
defects in flow path also do not occur. 

Moreover, in this preferred embodiment the case 

2s wrth regard to me use of KOH Equid as an etchant was 
explained; however, the embodiment is not limited to 
mis; TMAH solvent and me like, and other composite 
materials, may also be used. Further, in mis preferred 
ernbocSment an oxide film is used as a protective film; 

so however, me embodiment is not limited to this- Any fUm 
may be employed if capable of being used for etching of 
me mask, for example, a n'rtridB film or a film such as a 
metal f lm, and me like, and other composite films may 
be used. 

05 Furthermore, in mis preferred embodiment, an 
oxide film is used as me nonconjugative tarn created on 
me valve seal part 14; however, me embodiment is not 
limited to mis; for example, me function of me valve seal 
part 14 is not lost won nitride film or me like, and, when 

40 me Joining of me glass substrate ill to me valve seal 
part 14 can be prevented, ether created films may be 
used- 
Further, mis nonconjugabve tarn, instead of being 
provided on me valve seal part 14. may be provided on 

45 me glass substrate 111 at the position at which me 
valve seal part 14 is located. 

(Preferred embodiment 2) 

so Next, preferred embodiment 2 of me invention is 
explained as shown in me figures. 

Rg. 4(a) is a bottom plan view of the diaphragm 
part of a microvaive according the preferred embodi- 
ment 2 of the present invention. Rg. 4(b) is a cross-sec- 

55 tionai view of a microvaive In a stationary state, that is, 
me state in which pressure is not applied. Moreover, a 
mtcrovajve of this preferred embodiment 2 is formed by 
isotropic etching using a hydrofluoric acid solution 
instead of that used for a microvaJve according to pre* 
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ferred embodiment 1 . 

The points in a mterovaJve structure according to 
this preferred embodiment 2 that are different from the 
structure of the microvalve according to the preferred 
emoodsnent 1 are that In a stationary state, the vah/e 
seal part 23 is in contact w3h the glass substrate 27. the 
wkfth of the valve seal part 23 is narrow, and, by being 
formed by isotropic etching, the etching surface 
becomes rounded. Moreover, in the preferred emtxxfi- 
ment 2, a detailed explanation is omitted when differ- 
ence has occurred in the material, with regard to the 
form of the microvBivB according to the preferred 
embodiment i . simply by different etching methods, and 
when the material rs provided with an identical shape. 

The elastic diaphragm 21 of the microvalve shown 
in Rg. 4(a) and Fig. 4(b) is provided with roughly a di$k 
shape, formed integrally with the support substrate 25 
from a monocrystailine silicon substrate. This elastic 
Diaphragm 21, as it is formed by performing isotropic 
etching on the silicon substrate, has its edge part (the 
part formed by isotropic etching) as compared to the 
edge part of the elastic diaphragm 13 obtained in the 
preferred embodiment 1, formed with a rounded belt 
Further, the valve seal part 23 provided on this elastic 
diaphragm 21. by the effect of isotropic etching, is 
formed in a ring shape as shown in Rg. 4(a), and the 
flow path of the fluid through the hole 22 is also formed 
as a circle in the same way. From this, in order for the 
etching to proceed isotropically (with regard to the hori- 
zontal direction, side etching performed in a 1 to 1 
(ratio)), first by fabricating a mask for etching, taking 
into consideration the amount of this side etching, the 
width of the valve seal part 23 can be processed to a 
narrow width of 10 yrn. That is, by the use of isotropic 
etching, a valve seal part can be easily obtained of a 
narrow width, that would be difficult to obtain simply by 
one-directional etching. 

In a microvalve according to preferred embodiment 
2. in a stationary state, as the valve seal part 23 and the 
glass substrate 27 are in contact the fluid does not flow 
in reverse. Moreover, the basic motive principle of the 
microvalve is the same as that of the microvalve accord- 
ing to the preferred embodiment 1 . 

In the composition in which ffiis valve seal part 23 is 
in contact with the glass substrate 27 in the stationary 
slate of the microvalve. after a process performed In the 
same way as the process shown in Rg. 3(b) (however, 
performing isotropic etching), the process may be per- 
formed that is shown in Fig. 3(d), that extracts the pro- 
tective film. 

Microvafves in which the width of the vahre seal part 
was different have been created, and when the relation- 
ship between the valve seal part and the cavitation 
development was investigated, when the width of the 
valve seal part exceeded SO urn, cavitation develop- 
ment occurred. Further, when the valve seal width 
exceeded SO pm. as to the points of discharge stability 
and discharge life span, satisfactory results were not 
obtained. Further, in particular, when the width of the 



vahra seal part is equal to or below 30 urn. cavitation 
development does not occur, and extremely stable Dis- 
charge can be performed. Moreover, the lower limit 
value of the wkfth of the valve seal part depends on the 

5 characteristic of the photolithography for performing 
etching, and in the present condition is0.3 unr. although 
of course, if there is a finite value equal to or below this, 
rt is no problem at all. 

Next the relation between the valve seal width 

10 (urn), and the air bubble occurrence start temperature 
(°C) in cavitation development was investigated. The 
results are shown in Fig. 5. Moreover, the discharge 
conditions in this investigation were defined as 0.1 
u/shot 10 Hz drive, continuously driven for a 10 days 

is period. 

From Fig. 5, to the extent that the width of the valve 
seal part is narrow, it is understood that restrictions with 
regard to temperature are relaxed. 

In this way, a microvalve according to this preferred 

20 embodiment can make fluid resistance small en in con- 
junction with being able to mate the fluid speed rapid, it 
Is possible to stabilize the Discharge amount Further, 
as the loss of pressure is small, it is possible to increase 
the discharge amount when it is incorporated in a pump. 

25 Furthermore, when there is an abrupt loss of pressure, 
as the loss of pressure is srnalHn the valve seal part the 
occurrence of air bubbles can be prevented. Further, the 
width of the valve seal part is narrow, making ft difficult 
to trap dust and the like "m this part 

3D 

(Preferred embodiment 3) 

Next, preferred embodiment 3 according to the 
present invention is explained as shown in the drawings. 

35 Fig. 6(a) is a view of the bottom plane of the dia- 
phragm part of the microvalve according to the pre- 
ferred embodiment 3 of the present invention. Fig. 6(b) 
Is a cross-sectional view of a rrttcrovalve shown in the 
stationary state, that is. the state in which pressure is 

40 not appSed. 

The potnt of difference in structure between a 
microvalve according to this preferred embodiment 3 
and a mJcrovalve according to preferred embodiment 2 
is that the valve protrusion and tiie valve seal part are 

as provided on the glass substrata. Moreover, in this pre- 
ferred errtxxliment, detailed explanation is omitted with 
regard to the material that is identical with that of the 
rrticrovatve according to the preferred embodiment 2. 
The elastic diaphragm 801 of a mfcrovalve accord- 

so big to this preferred embodiment is provided in roughly 
a disk shape, formed integrally with the support sub- 
strate 305 made from a monocrystaiDne silicon sub- 
strate, in its central part, a fluid flow path is formed by 
circular through hole 302. 

o> At a prescribed position on the lower side glass 
substrate 306, as shown particularly In Rg. 6(b), a valve 
protrusion 309 is provided, which, while possessing a 
rounded form from the lower side to the upper side, 
gradually narrows. The upper end surface of this valve 
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protrusion 309 defines the valve seal part 807. Moreo- 
ver, this valve protrusion 309 and valve seal part 307 
are termed integrally with the glass substrate 306. A 
noncanlugatrve film, which is an oxide film, is termed on 
the valve seal part 307. 

This microvalve is provided with a farm in which the 
valve seal part 307, in a stationary state, contacts an 
elastic diaphragm 301 . The bask; principle of movement 
of this microvalve is the same as that tn preferred 
embodiments 1 and 2. 

Moreover, in a microvalve accortfing to this pre- 
ferred embodiment 3. the valve sea) part 307 and the 
elastic diaphragm 301 may be composed to define an 
open gap in a stationary state, as described in preferred 
embodiment 1. 

Next, the process order with regard to a fabrication 
method ol a microvalve according to this preferred 
embodiment is described as shown in Fig. 7(a) through 
Fig. 7(f). 

In the process shown in Fig, 7(a), on the lower sur- 
face of the rnonocrystalline silicon substrate 305, an 
oxide film 352 is formed with a fflm thickness of 1 jam. 
This oxide film 352 is a ngnconjugaUve tarn between the 
valve seal part 307 and the valve protrusion 309 r formed 
in a later process, and the silicon substrate 303, pre- 
venting joining in a subsequent anodic bonding step. 
Next, the protective fflm 351 of the etching Is termed on 
this oxide film 352. further on the upper surface of the 
monocrystaJEne sfficon substrate 305, and a protective 
film 350 of the etching is formed respectively other than 
in the exit side valve chamber 356 region. Then, the pro- 
tective films 350 and 351 aroused as etching masks, to 
perform isotropic etching on the silicon substrate 305. 
Moreover, this isotropic etching is performed using a 
hydrofluoric acid solution. 

Next in the process shown in Fig. 7(b), in the cen- 
tral part of the elastic diaphragm 30 1 , protective film 351 
is patterned as a mask far simultaneously etching holes 

302 and 362 to farm a fluid flow path extending through 
the hole 302, the exit side valve chamber 356. and the 
hole 362 to the flow path 304. Then, using trfe pat- 
terned etching protective film 351 as a mask, isotropic 
etching is performed on the silicon substrate 305. and, 
in conjunction with holes 302 and 362 being formed to 
penetrate the substrate, an exit side valve chamber 356 
is formed. 

Next, in the process shown in Fig, 7(c). etching pro- 
tective fim 351 formed in the regjon other than the part 
to be in contact with the later-termed seal part 307 is 
removed, and etching is performed on the oxide ffim 
382, using the remaining etching protective film 351 as 
a mask. By doing this, an oxide f fl m 352. which is a non- 
conjugafivo film, is left in the part of the silicon substrate 

303 opposing the valve seal part 307. Moreover, the film 
thickness of this oxide film 3S2 is 1 urn, making it very 
thin; for the sake of convenience In explanation in Fig, 7, 
it is shown as thick. 

Meanwhile, in the process shown in Fig. 7(d). on 
the glass substrate 306 that is on the lower side, on the 
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region that is to become the valve protrusion 309. the 
etching protective film 356 is formed. Next using this 
protective fflm 355 as a mask, isotropic etching is per- 
formed on the glass substrate 306, By doing this, inden- 
3 tafions of a round shape are formed in the gjass 
substrate 306. The valve protrusion 309 and the valve 
seal part 307 are termed in accordance with this. More- 
over, this isotropic etching is performed using hydrofluo- 
ric acid. 

10 Next, In flie process shown in Fig. 7(e), after the 
protective film 355 obtained in the process shown in Fig. 
7(d) is removed, an entry 308 for fluid is farmed in a pre- 
scribed position by an electric discharge process or the 
like. 

15 Then, in the process shown in Fig, 7(f), silicon sub- 
strate 305 obtained in Fig* 7(c) is anodaliy Joined to the 
glass substrate 306 obtained by the process shown in 
Fig. 7(e). Further, although it is not particularly shown, 
the top part glass substrate 303 is anodaliy joined to the 
20 top of the silicon substrate 305. By doing mis. the micro- 
valve shown in Fig. 6 is termed. The oxide film 352 is 
omitted in Fig. 6. 

Moreover, either the process processing the silicon 
substrate shown in Figs. 7(a) through 7(c). or the proc- 
& ess processing the glass substrate shown in Figs. 7(d) 
and 7(e). may be performed first, or they both may be 
performed in parallel. 

Further, in this preferred enrtborJment the case is 
explained in which the width of the valve seal part 307 Is 
$q equal to or below 50 urn, and this part, in the stationary 
state, contacts the elastic diaphragm 301 (silicon sub- 
strate 305). However, ft is not limited to this; a configura- 
tion is posstrfe in which a gap is termed between the 
valve seal part 307 and the elastic diaphragm 301 (sffi- 
35 con substrate 305). 

This microvarve configuration does not require 
etching of the bottom surface of the elastic diaphragm 
301 of the silicon substrate 305. so that a smooth sur- 
face can be preserved. 

40 

(Preferred embodiment 4) 

Next, preferred embodiment 4 according to the 
present invention is explained as shown in the drawings. 
45 Fig. 8(a) is a view of the bottom plane of the dia- 
phragm part of the microvalve according to preferred 
embodiment 4 of the present invention; Fig, 6(b) is a 
aoss sectional view B-B of Fig. 6(a). 
The microvalve shown In Fig. 8(a) and Rg. 8(b) is 
so termed by anisotropic etching; as a result, a step (level 
difference) is formed between the valve seal part, which 
is the distal end of the valve protrusion of a microvalve 
according to the preferred embodiment 1. and the base 
end; also, in a stationary state, this valve seal part is 
59 equipped with a structure configured such that it con- 
tacts a glass substrate. Moreover, in this preferred 
emtxxfirnent explanation is omitted with regard to the 
parts instructed in the same way as in the microvalve 
shown in the preferred embodiment 1 . 
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The elastic diaphragm 34 is equipped with an 
octagonal board shape formed integrally with a support 
beard 51 (shown in Fig* 9) that is composed of a monoc- 
rystaiRne silicon substrate, A hole 33 is formed as a flow 
path for fluid (liquid) at the centra) part of the elastic dra- , 
phragm. Astep 32 Is formed at the distal end side (the 
lower side) of the vafce protruaon 35 formed integrally 
with the elastic diaphragm 34; in accordance with this, 
even when anisotropic etching is performed, the width 
of the valve seal part 31 can easily be narrowed (far 
example, can be made equal to or below 50 urn). By 
creating this Kind of structure, a mlcrovaive is obtained 
having a valve protrusion 33 of high strength, and a 
microvalve is obtained having low resistance. Symbol 
55 is the entry side valve chamber, and symbol 56 is the 
exit side valve chamber. 

Next, this microvalve fabrication method is 
described in the order of the fabrication process shown 
in Fig. 9(a) through Fig. 9(d). 

In the process shown in Fig. 9(a), in a method con- 
ducted in the same way as in the process shown In Rg, 
3(a), the etching of the protective film 510 on the upper 
side surface of the silicon substrate 51 is formed as 
etching of the protective film 51 1 formed on the lower 
side surface. Next using the protective films 510 and 
511 as masks, etching is performed on the silicon sub- 
strate 51 , and a hole 52 is formed. 

In the process shown in the Fig. 9(b). in a method 
conducted in the same way as the process shown in 
Fig. 3(b), the top part etching part 53, and the bottom 
part etching parts 54 and 512 are formed. 

Then, in thB process shown in Fig. 9(c). with some 
of the width left as a remaining part in a region corre- 
sponding to the central side part of the elastic dia- 
phragm 34 protective film 511 formed on the valve seal 
part 31 region is removed. Next, with the remaining pro- 
tective IPms 510 and 511 used as masks, etching is per- 
formed, and the step 32 is formed. In this way two steps 
are etched; as a result the width of the valve seal part 
31 can be more man 2 jim, then, from the etching 
depth of the step 32. side etching is performed on the 
valve seal part 31 ; however, it is necessary in order to 
obtain a cavitation preventive effect, to limit the scatter- 
ing of the width of the valve seal part 31 to 10 urn. Ina 
common 30% KDH solution, because the ratio of the 
side etching amount to the etching depth is about 1:1, a 
step of about 10 Mm is permitted. 

Next. In the process shown in Fig. 9(d), after an 
oxide fim, which is a noriconjugative film, is formed on 
the surface of the valve seal part 31 , the process is per- 
formed in the same way as the process shown in Fig. 
3(d). and the glass substrate 59, in which an opening is 
made by the entry 515. w anodalry joined to the bottom 
side of the silicon substrate Si , and the glass substrate 
58 is joined to the top side. 

Moreover, in this preferred embodiment although 
the case is explained in which me support substrate 51 . 
the elastic diaphragm 34, the valve protrusion 35. and 
the valve seal part 31. are integrally configured from a 



silicon substrate, the emboolment is not Bmfted to this; 
of course, as shown in the preferred emoodimerrt 3, the 
valve protrusion and the varve seat part may also be 
provided on the glass substrate 59. 

5 Further, the step 32 formed at the valve protrusion 
35 fe not nrnfted to the above-desenbed shape: for 
example, as is shown In Rgs. 10(a) through 10(c). and 
the GKe, the width of the valve seat part can be nar- 
rowed, and when in a form such that its function as a 

10 mcrovarve is not hindered, other forms may be used. 
Fig. 10(a) through Fig. 10(c) are views of the base of the 
diaphragm part of the mtcravafva Moreover, in these 
figures, the hole, forming the fluid flow path, is not 
shown. 

15 The valve protrusion shown in Fig. 1 0(a) has a pat- 
tern that is suitable, even in a case when the etching 
depth Is changed, such that the width of step 62. 
obtained by the etching of two steps, is wider as com- 
pared to the width of the valve seal part 51 - 

2D The valve protrusion shown in Rg. 1 0(b) is provided 
with a valve seal part 64. provided with a circular shape 
concentric with step 63. at the central part on the step 
63. obtained by two-step etching. In this case, although 
the valve seal part 64 is arranged in a concentrically cir- 

2s cular shape at ihe centra) part of the step 63. so that 
good sealing contact with the glass substrate is 
obtained, it is necessary to make the step 63 wider. 

In the protrusion shown in Fig. 10(c). the step 65 is 
small relative to the valve seal part 66, and the valve 

so protrusion size is small. 

Moreover, the microvalve shown in preferred 
ernbodi merits 1 through 4, can be formed by dry etch- 
ing, besides wet etching. In the event that they are 
formed by dry etching, for example, the width of the 

35 valve protrusion part extends uniformly in a vertical 
direction. Because of ttiis. the width of the valve seal 
part can easily be made narrow, and can be created in 
a concentric circular shape. 

40 (Preferred embodiment S) 

Next preferred embodiment 5 of the present inven- 
tion is explained with reference to the drawings, In this 
preferred embodiment, a mfcropunp is described that 

45 incorporates the type of microvalve described in the 
preferred embodiment 4. that is, a mterovalvB in which a 
step is formed between the valve seal part and the valve 
protrusion base end. as an input varva Moreover, this 
rrricropump discharges a very small amount of liquid 

so having a comparatively high ftowabiiity of water, bal- 
anced saline solution, chemicals, and the Qke v and is 
thus particularly preferable- 
Fig. 11 is a drawing of the entire configuration of a 
micropump according to preferred embodiment 5. Fig. 

sb 12(a) is a view of the bottom plane of a micropump 
shown in Fig. ll;Rg. 12(b) Is a view of the cross sec- 
tion C-C of Fig. 1 1(a) in the stationary state; Rg. 12(c) 
is a figure of the cross section C-C of Rg. 11(a) in the 
suction state. Moreover, in this preferred embodiment a 



10 

PAGE 34/61 1 RCVD AT 1/2812005 6:17:36 PM [Eastern Standard Time] ' SVR:USPTO-ff XRF-1/2 * DN1S:8729306 1 CSID: 1 DURATION (mm«ss):1640 



JAN-28-05 03:25PM FROW-StoutUxaBuyanMul I ins T-424 P. 035/061 F-353 



19 



EP0 7B9 146 A1 



20 



micropump unit is described that is used to supply a 
chemical (liquid drug) for medical use. 

The micropimp unit shown in Fig. 12 is configured 
such that it is equipped w&h a mlcropump 1 50, a chem- 
ical tank 160 that Supplies chemical to the micropump 
150. a drive IC 170 for driving the micropump 150. a 
control !C 180 for controlling the drive IC 170; a dis- 
charge device 102 is constituted by the micropump 1 50 
and the chemical tank 160. These parts are accommo- 
dated within a case 200;atube 190 is connected to the 
rnioropurnp 150, for inducing the discharged chemical 
liquid to a preset bed location. A micropump unit config- 
ured from these parts possesses a rectangular parallel- 
epiped shape of 20mm x 8mm x 2mm. 

The micropump 150. as shown in fig. 12(a) through 
Fig. 12(c), is configured such that It Is provided with an 
output part 810. an input part 81 1, and a drive part 812. 

An output valve provided in the output part 810 is 
configured as equ'pped with an elastic diaphragm 71 1 . 
provided in a support substrate 71 that Is composed of 
a silicon substrate, a valve protrusion 716 provided on 
the elastic diaphragm 71 1, and a valve seal part 712 on 
the end of the valve protrusion 716. that opens/closes 
the valve corresponding to the vertical motion of the 
elastic diaphragm 711. Further, to the valve protrusion 
716, a step 742 fa formed between this base end (elas- 
tic diaphragm 71 1 side) and the valve seal part 712. 

The input valve provided in the input part 811 is 
configured such mat if is provided wifli an elastic dia- 
phragm 77, a valve protrusion 71$ provided in the elas- 
tic Diaphragm 77, and a valve seal part 78 provided on 
the end at thB valve protrusion 715. that opens/closes 
the valve corresponding to the vertical motion of the 
elastic diaphragm 77. A hole 79, which is a cherracaf liq- 
uid flow path, is formed In the central part of the elastic 
diaphragm 77. To the valve protrusion 71 5. a step 732 is 
formed between the base end and the valve seal part 
78. 

The drive part 812 drives the input valve and the 
output valve; it is configured from a drive diaphragm 
710. and a piezoelectric element 75 adhered to it via an 
electrode, that is provided on the drive diaphragm 710. 
This drive diaphragm 710 is configured flexfory in the 
vertical direction by applying an electrical field to piezo- 
electric element 75. 

Moreover, in this preferred ernbafintant, the Input 
valve, the drive diaphragm, and the output valve, are 
formed integrally on the support substrate 71 . 

The symbol 74 is a glass substrate having formed 
therein the discharge port 713 on the output part 810 
side, and the input port (entry) 76 en the input pan 87 1 
side. The tube 190 is connected to this discharge port 
713. and the chemical (liquid) tank 160 is connected to 
the input port 7& Further, the symbol 714 denotes the 
chamber. 

Fig. 13 la a Wc<* diagram ofthe specific micropump 
unU according to this preferred embodiment. The con- 
trol IC 180 of this micropump unit is configured from a 
general microcomputer the oscillator circuit 382, a fre- 



quency dividing (counting-down) circuit 383. a control 
circuit 384. a ROM 385, a RAM 386, an ALU 387. an 
output circuit 388. an interrupt control circuit 389. and 
an Input circuit 390. 

5 A control IC 170 is connected to the output circuit 
388; this drive IC 170 is configured such that an electric 
field Is applied to the piezoelectric element 75 of a 
micropump corresponding to the drive signal D R output 
from the output circuit 388. 

"> The discharge valve behavior detection circuit 
within the discharge device 102 Is represented by an 
equivalent switch 395. The drive 10 170 increases the 
amplitude of the drive pulse output from the control IC 
180, and drives the discharge device 102. The output of 

15 the oscillator circuit 382 is frequency dMded to system 
clock of the control IC 180 wfthin the frequency dividing 
circuit 383. The control circuit 384 controls the operation 
of the control IC 180. The ROM 385, RAM 386. ALU 
387, output circuit 388, interrupt control circuit 389 and 

so input circuit 390, are connected via a bus; an edge 
detection circuit 391 is included in the input circuit 310. 

The dscharge valve behavior detection circuit 
detects the behavior of the discharge valve by measur- 
ing the lead-through time determined by the presence of 

ss contact between the valve seal part 712 that rises by 
vertical motion of the piezoelectric element 75, arid the 
glass substrate 74, and monitors the occurrence of air 
bubbles- 
Next, the specific operation of the configuration pro- 

30 vlded in the micropump unit is explained. 

The supply of chemical liquid from the chemical liq- 
uid tank 160 is performed as summarized below, That 
is. corresponding to the drive signal DR output from the 
output circuit 388 of the control tC 180, the drive IC 170 

as applies an electric field to the micropump piezoelectric 
element 75. As a result the elastic diaphragm 710 is 
raised upward as shown in Fig. 12(c). The result is that 
negative pressure exists within the chamber 714. and 
rising force moves the elastic diaphragm 77 upward 

40 Simultaneously with this, the valve seal part 78 is raised 
upward, and chemical Squid is sucked from the chemi- 
cal liquid tank 160 via the input port 76. 

The drive signal DR comprises a prescribed 
number of pulses within a constant time, as shown in 

45 Fig. 14(a). Conresponcfing to a preset drive amount a 
drive pulse number is set within the drive interval. More- 
over, Fig. 14(b) shows one example of a case in which 
the set drive amount is smaller than Rg, 14(a). 

The sucked-in chemical liquid is supplied to the 

so tube 1 90 as summarized below. That is, corresponding 
to the drive signal DR. when the drive IC 1 70 stops the 
application of an electric field to the piezoelectric ele- 
ment 78 of the micropump, the elastic diaphragm 71 o is 
pushed downward; as a result, pressure builds up within 

55 the chamber 71 4, and rising force moves the elastic dia- 
phragm 71 1 upward. Simultaneously, the valve seal part 
712 is raised upward, and chemical liquid is discharged 
from the discharge port 713. 

During these operations, in the discharge valve 
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behavior detection circuit connected to the discharge 
device 102. ttie detection signal Det obtained from this 
is output to the edge detection circuit 391, end, this 
wave shape and the drive signal DR are compared, and 
a preserved adjustment is made corresponding to the 
data obtained. Moreover, an air bubble detector, such 
as the discharge valve behavior detection circuit or the 
edge detection circuit 391, does not definitely need to 
be provided 

Moreover, in a conventional rrticropurnp, at the 
instant that the elastic diaphragm of the input part is 
raised upward, negative pressure occurs abruptly in the 
vicinity of the valve seal part of this input part; although 
air bubbles occurred at room temperature, In a rrtcrop- 
ump according to the present invention, because the 
width of the valve seal part of the input part is set to be 
equal to or below 50 nm, the occurrence of air bubbles 
is rarely seen. 

From this, the relation between the valve seal part 
of the input part and the occurrence of air bubbles dif- 
fers by various factors, such as the piezoelectric ele- 
ment drive speed, the piezoelectric element sure, the 
valve size, the displacement amount for the drive dia- 
phragm, the temperature, and the like. However, if the 
width of the valve seal part is equal to or below 50 pm, 
under the condition of a discharge amount of 0.1 ul, it 
becomes evident by experiment that even below the 
high temperature of 70°C. the occurrence of air bubbles 
is sufficiency suppressed. Further, if the width of the 
valve seal part is equal to or below 30 urn, under the 
aforesaid conditions, there is absolutely no occurrence 
of air bubbles. 

Moreover, in this embodiment the case in which a 
microvalve of a type shown in Fig, 8 and Fig. 9 is used 
is explained; however, the embodiment is not limited to 
this; when there is a microvalve according to the present 
invention, including the aforesaid preferred embodi- 
ments), a desirable result will of course be obtained, 
whichever microvalve is used. 

Further, a micropump according to the present 
invention, ether than being used in a micropump unit for 
medical use, for example, as shown in Fig. 15. is pro- 
vided with a plurality of discharge devices, composed of 
rnicropumps and solution tanks, and, by having the 
capability to combine smaP amounts of various liquids, 
it can be used even for analysis. 

Further, several discharge devices composed of 
rnicropumps and solution tanks are provided; small 
amounts of solution from a voluntarily selected dis- 
charge device are discharged to a prescribed target 
position, and can be used even as a printer head. In this 
way, a rnrcrcpump according to the present invention 
can be applied to various fields. 

Moreover, in the aforesaid preferred embodiments 
1 through 5, examples are described in which a rrtonoc- 
rystafline silicon substrate, as a processed substrate, is 
used; however, the errfcc<firnents are not limited to this. 
It is possible, by changing etching conditions or the like, 
to leg, for example, in place of a monocryetalGne silicon 
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substrata, a glass substrate, quartz crystal, or a metal 
such as stainless steel. 

PetPfTtiai BflhfcjiUse 

As was deserved above, a rtfcrovajve accord rig to 
one embocOrnent of me present invention Is provided 
with a preserved gap between the varve seal part and 
the elastic diaphragm or the holding substrate In the sta- 
tionary state. As a result, it is possible for flow resist- 
ance to be small, and, in conjunction with the flow speed 
being made rapid, rt is possible for the expulsion amount 
of the flow to be stabilized. Further, as the loss of pres- 
sure is small, it is possible for the expulsion amount, 
when incorporated in a pump, to be increased. Further- 
more, during an abrupt loss of pressure, the loss of 
pressure in the varve seal part is made small, so that it 
is possible for the occurrence of air bubbles to be pre- 
vented. Further, by the existence of the aforesaid gap, 
there is also no occurrence of problems such as the 
valve not closing when dust and the fike is trapped in the 
valve seal part This configuration can be formed by an 
process such as by etching, so that the fabrication proc- 
ess is simpfe. Further, special surface processing is not 
necessary, so that there is also no occurrence of 
defects vi the flow path. 

Further, in other mJcrovarve configurations accord- 
ing to the present invention, the width of the valve seal 
part can be equal to or below 50 urn, so that it is possi- 
ble to have a small flow resistance, and, h conjunction 
with being able to make the flow speed rapid, it is possi- 
ble for the expulsion amount of the flow to be stabilized. 
Further, the loss of pressure is small, with the result that 
ft is possible for the expulsion amount, when incorpo- 
rated in a pump, to be increased. Furthermore, during 
an abrupt loss of pressure, as the loss of pressure in the 
valve seal part is small, it is possible to prevent the 
occurrence of air bubbles. Further, as the width of the 
varve seal part is narrow, it is difficult for dust and the 
like to be trapped in this part This configuration allows 
for a simple configuration process, as it is formed by an 
process, namely, etching. Further, as no special surface 
processing is necessary, there is also no occurrence of 
defects in the flow path. 

Further, a step is provided at the valve protrusion, 
adding to the efficacy, and it is possfcrfe to obtain an 
optional small uniform valve width, not related to the 
etching depth. 

Furthermore, a microvalve of a configuration in 
which a valve protrusion at the hokfing substrate side 
and a valve seal part are prowled, can preserve a 
smooth surface, as it is not necessary to etch One side 
of the elastic diaphragm surface. 

Further, a micropump in which a microvalve accord- 
ing to the present invention is incorporated, can have a 
highly accurate absorption/discharge of a constant 
amount and a finite amount of fluid, without the occur- 
rence of air bubbles. 
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Claims 

1. A mfcrcvaJve comprising 

an elastic diaphragm that moves vertically by 
change in pressure, 

a support substrate that supports said elastic 
diaphragm, 

a holding substrate that holds said support 
substrate, and 

a valve protrusion provided on said elastic dia- 
phragm or holding substrate, and equipped 
with a valve seal part that performs fluid con- 
trol, 

the micro valve having a prescribed gap, 
between said elastic diaphragm or said holding 
substrate, and said valve seal part, when in a 
stationary state. 

2. The microvalve of Claim 1 wherein said gap is no 
less than 0-2 and no greater than 1 0 jim. 

3* A microvalve comprising 

an elastic diaphragm that moves vertically by 
charge in pressure, 

a support substrate that supports said elastic 
diaphragm, 

a hoiolng substrate that holds said support 
substrate, and 

a valve protrusion provided on said elastic dia- 
phragm or said holding subs&ale and having a 
valve seal part that performs fluid control, 
wherein the width of the contact part between 
said valve seal part and said holding substrate 
or elastic: diaphragm Is equal to or less than 50 

4. The microvalva of Claim 3 wherein said valve pro- 
trusion is equipped with said valve seal part at its 
cSstaj end, and a step is formed between said distal 
end and the base end. 

5* The microvalve of Claim 4 wherein said step is 
equal to or less than 10 urn. 

6, The microvalve of any one of Claim 1 through Claim 
5, wherein said support substrate, said elastic dia- 
phragm, said valve protrusion and said valve seal 
part are Integrally formed from a silicon substrate, 
and said holding substrate is formed from a glass 
Substrate. 

7. A microvalve of any one of Claim 1 through Claim 5, 
wherein said support substrate and said elastic dia- 
phragm are integrally formed from a sf&con sub- 
strate, and said holding substrate, said valve 
protrusion and said valve seal part are integrally 
formed from a glass substrate- 
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A method of fabricating a mfcrovajve in which an 
elastic diaphragm moves vertically by change In 
pressure, a support substrate supports said elastic 
diaphragm, a hokfing substrate holds said support 
substrate, and a valve protrusion is provided an 
said elastic diaphragm, and a valve seal part per- 
forms fluid control, 

the microvalve fabrication method compris- 
ing: 

forming a first protective film on the surface of 
one side of a processed substrate except a 
region of the central part of said elastic dia- 
phragm, and, using said first protective film as 
a mask, performing a first etching on the sur- 
face of said one side of said processed sub- 
strate, 

forming a second protective ffim, on the surface 
of the other side of said processed substrate, 
removing a part of said first protective fflm 
formed outside of said support substrate and 
valve seal part region, 

pertaining a second etching on said first pro- 
tective film on which removal has been per- 
formed, and, using said second protective film 
as a mask, on said processed substrate, 
removing a fast protective film formed on said 
valve seal part region, and after said second 
etching has been performed, performing a third 
etching on the surface of one side of said proc- 
essed substrate, using the first protective ffrn 
that is remaining as a mask, and forming said 
elastic diaphragm and valve protrusion, 
removing said first protective film and said sec- 
ond protective Rra after said third etching has 
been performed, and forming a non-conjuga- 
trve film on the part of the protective substrate 
capable of being joined on the valve seal part 
or with said valve seal part, 
conductively joining friis surface to the protec- 
tive substrate after said second protective film 
has been completely removed from ftie surface 
of the other side of said processed substrate, 
and 

conductively joining a protective substrata in 
which an entry port has been formed, to the 
surface of one side of said processed sub- 
strate, after said iTon-crjnjugatVe fim has been 



9. The microvalve fabrication method of Cfaim 8, 
wherein said third etching is performed on the valve 
seal part surface of said processed substrate, 
against the support substrate, within a range that te 

$5 equal to or greater than 0.2 urn and equal to or less 
than 10 |irn, up until an etchback point is reached. 

10. A method of fabricating a rrtcrovafve in which an 
elastic diaphragm moves vertically by change in 
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pressure, a support substrate supports said elastic 
diaphragm, a holding substrate holds said support 
substrate, a valve protrusion is provided on said 
elastic diaphragm and a valve seal part performs 
fluid control, 5 

the microvafve fabrication method compris- 
ing: 

forming a first protective fflm on the surface of 
one side of the processed substrate in a region to 
in which the central pan of said elastic dia- 
phragm is removed, and, using said first pro- 
tective film as a mask, performing a first 
etching on the surface of one sfdo of said proc- 
essed substrate, is 
forming a second protective film on said sup- 
port substrate part of the surface of the other 
side of said processed substrate, 
removing a portion of said first protective film 
that is formed outside of a region composed of so 
said support substrate and a valve seal part a 
remaining portion of said fnst protective film 
having a width equal to or less than 50 urn, 
performing a second etching on the first protec- 
tive f Dm, on which said removal has been per- 25 
formed, and, using the second protective film 
as a mask, on said protective substrate to form 
said elastic diaphraom and valve protrusion, 
removing all of the frst protective fim and the 
second protective film after said second etch- 30 
ing has been performed, and forming a non- 
corrjugatrve fUm on the part capable of joining 
said valve seal part or the valve seal part of the 
protective substrate, 

conductive ly joining said protective substrate 10 35 
the surface of the other side of said processed 
substrate, after all of said fust protective film 
and second protective film have been removed, 
and 

conductrvely joining a protective substrate, in 40 
which an entry port has been penetration 
formed, to the surface of one side of said proc- 
essed substrate, after said nonconjugalive film 
has been formed. 

45 

11. The mwrovaJve fabrication method of Claim 10. fur- 
ther comprising removing the first protective film 
formed on a region other than the valve seal part 
leaving a width of the first protective fUm of less 
than 50 um formed on said vafve seal part after so 
said second etching has been performed, and than, 
using the remaining first protective fflm as a mask, 
performing etching. 

12. The microvatve fabrication method of any one of #> 
Claim 8 through Claim 1 1 , wherein said processed 
substrate is a monocrystalline silicon substrate. 

13. A method of fabricating a mtcrovaive in which an 
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elastic diaphragm moves vertically by change in 
pressure, a support substrate supports said elastic 
diaphragm, a holding substrate hoios said support 
substrate, and a valve protrusion is provided on 
said elastic diaphragm equipped with a valve seal 
part that rjwforms fluid control. 

the mterovalve fabrication method compris- 
ing: 

forming a first protective film in said support 
substrate region, on the surface of one side of 
the first processed substrata and, using the 
first protective fflm as a mask, performing a first 
etching on the surface of one side of said first 
processed substrate, 

forming a second protective film on frie region 
in which a central part of said elastic dia- 
phragm has been removed, of the surface of 
the other side of said first processed substrate, 
performing a second etching, using said first 
. rwtectrve fim and said second protective film 
as masks, on said first processed substrate, up 
unto (the point that) the central part of said 
elastic diaphragm has opened, 
forming a third protective film, on a region com- 
posed of a valve protrusion and said protective 
substrate of the surface of one side of the sec- 
ond processed substrate, performing a third 
etching on said second processed substrate 
using the third protective film as a mask, and 
forming said valve protrusion, 
forming a noneonjugative film on said vafve 
seaJ part or the part of said first processed sub- 
strate capable of joining the vafve seal part 
penetration forming an entry port at said sec- 
ond processed substrate, 
conductrvely joining the surface of said one 
side of the second processed substrate, on 
which said third etching has been performed, 
and in which said entry port has been formed, 
to the surface of said other side of the first proc- 
essed substrate, on which said second etching 
has been performed, and 
conductivity joining a protective substrate to 
the surface of one side of said first processed 
Substrate. 

The rrtcrovarv* fabrication method of Claim 13, fur- 
ther comprising forming a nonconjugalive film 
between the surface of the other side of said first 
processed substrate, and said second protective 
film, and« by selectively etching the nonoonjugative 
film, leaving the nonconjugalive film on the part of 
said first processed substrate capable of joining the 
vahre seal part 

The microvafve fabrication method of Claim 13 or 
Claim 14, wherein said first processed substrate is 
a monocrystalline silicon substrate, and said sec- 
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end processed substrate is a glass substrate. 

1 6. A micropump having an input part equipped with an 
input valve, a drive part equipped with a drive da- 
phragm, and an output part equipped with an out- s 
put valve, said input valve is composed of any one 

of the mjcrovalves of Claim 1 through Claim 7. 

17. The micropump of Claim 16, wherein said input 
valve, said drive diaphragm and said output valve io 
are integrally formed from a monocrystaffine silicon 
substrata. 

13, A method of fabricating a micropump having an 
input part equipped with an input valve, a drive part is 
equipped with a drive diaphragm, and an output 
part equipped with an output valve, the micropump 
fabrication method fabricating said input valve by 
any one of the fabrication methods of Claim 8 
through Claim 15- so 

19. A device equipped with a tank that accommodates 
fluid, a micropump of Claim 16 or 17 connected to 
said tank and eueking/discriarging said fluid, drive 
means that drives said micropump, and control ss 
means that controls said drive means. 
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